St 
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©Int. CI. 5 
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3 Pja2^(I990)4fl24B 



®?S IS BS63-263877 

5863(1988)10^21 B 

®% W # « S JE S «I!l8fS?t«»2- 1-14 

@a3 SI A m B^{b^«c*^tt SESC»+*B«ffi5Til3#16^ 
@ft I A j&iK 51-3* 



h a s 

1 . R ffi © £ & 
(t) 1 ttRtf/Xtt2tttf««13T«»anfc 

WiBthy^AsaiHiaHt.L, c a Mama 3 
Bt as * h u o a a* 6 K ® 2 n § 7 □ l it i * , 

(2) 1 fc&a/Xtt2ttrf&fc13T-85l3nfc 

»te*MJC?/*^5883n57DAitfi£x^/u, 



3. R9]<3DEI|gi$Sft0) 
C©RI!814_, K*13-Cttja«nfc5-7^y U7 

SfittS FT - NM R ®jfl»(C J: 9 % KX513T-8 

T5fc, Cntt, SKI© F T-NMR^fiirair^ 
C £ IC <fc 9 x £Sftiltt84>0|ftCC&(r*Tt£ttT 
lEfc&$U( 13 C) T-tg£*Urcfc£»)<7> 13 C 
ttSSttB € c © ,3 c £ sx<b 6 ft ft? IT <& C t ft 
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©SSfciSSnT^&o 

WSEttiK^'-Mf y /--y>(P8G) ^titbUT^z* 

pa©*RSft <t&9* Sfc, i?J?ltltt)^fflT- 
3»5:ttf«IS-?nT^5 a * 0 T , C <D A L A 
(CO^TW, *©5&©&5Rtf 13 CT'&St?nfc 
<t^^ ((5- 13 c]-ala) ffrlTflaStUT Afrsa 

tf, CtlU [2- 13 C]7Q>fiIf/H^f 

tMi x f - ;u - 4- * * y 7 ^ u - ^ ^ 6 £ £ £ n t 
c©*jfcff3r8SI&]!Bflic©*jgUfcSjfc 

*800S5tt, t2 J3 c]StflS * h y 9 
A^5rn AftrEX^/U££ffc OT 12 J3 C)AL 
A€:6fiR^ <&^&*%«l/«SUJS: (J. A. C.S. 
. 96:26. p80G9-8080(Dec. 25, 1974 ) 0 C<Dfit£ 

9 A£fcra*a©T-£ 9 , C© 13 C&KffK * h 
y9AtfK(*T-£5C£/>>S*©E&tf^T*<J5 



Mlffl¥2-111747 (2) 

ttSHJgH £ l/T 13 CT*&8£n/c A L a*£j£? 
STjfcKO^T S3, C© [2- 13 C] A L A 

?CT-, 7lcJ!WS«, 1 3 C & 8 fit K J' h y 9 A 
£ttRe2a<t LTA L A©ff B©fcStf ,3 CT-£ 

Kanrc 13 ceisiALA^^^r*ct^T-5n 

U\ £1t¥©fflfc©aEIC®ftofcC*tf 

^ 13 CT-<saE5nytirise^ b y 9 A^aiRisa t 
OT, ff©©fca# 13 CT*£S*ssnfcA l a*& 

£ T * 75 m Z S & * -& C £ (C ft * . 



#13T*£S5<? n/c fit te * h y 0 A 
C©&$t3£«mK*MJC>A/>*5S£?n$7 

><t£WB&*Baf*£0T5-75/u7y>K*ft 

©8S{*©$i;&75fcT-do& 0 C 
©*^(CLT£*anfc'U 3* 4XU5ft©'> 

X C 'J J - V > * £0c t 5 *P< £ 2 O © 

8! 1 @U 13 CS»A L A©$I& #*££***>© 
fHxtf [1- 13 C]A LA Oa)tt&© J: 5 C b T 

?£*3S* H J3 ClRKth y 9 M2a)«a$ 



/l/£/ia*.T£l62tta£ [1- 13 C17Q tftKif 

n/(3a>#& e na, c© [i- 13 c]7atfit 
Kif M3a)(i [1- 13 C]»K^ b x ) 1 A(2a)£& 
^S?lTi?5n^ [1- 13 C]BM*et>HlR*T-fc 

C© (1- 13 C]7Q%ir0fiX?-A/(3a)tt« 1.2-v 
X b*i/X2>tpT*!&iti- b*)OL>Z®®is* 
£ST'&HfflX^A/7$;t/-f^K7t:h7*r- 
M11)fcEB31ift*, Btt$T- [1- 13 C]lfib 
-3-1 h*S/*A/#-Jb-5-72Jt/-f * KUTy 
X-h(12a) £5*S 0 

C©^x^rA/(12a) tt, *»&£&£&© 1 
1 fi&fc"e*HBKfflffl*ft«:&IC SW© 
[1- 13 C]A L A(1a)*a5«»r^A«. 

iffitfoitttc ut (2- u c]srK^- b y 9 

A(2b)^6 [2- n C]TD : eirffiX^^/{3b)* 

152© [i- 13 C]7a^itf8ix^;i/(3a)^c© 
(2- 13 Cl7 0 *ftffiX^M3b)ICH&*T±i£t 
Pt$©5l5€'ff^CtC<fct). [2- U C]A LA 
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£6fC, (4- 13 C]A L A(1d)£ (5- u CJALA 
ne)©a«ttttT©tfffirfr^C ttf T**>. 

M*7*/U&(8) t±ffi [1- 13 C}7 

□ /*»KifiU(3a)fi» 6£f£*na [l- 13 C]?y 
->>(9a)££ 1 6 5-CT 1 5»0BRO*ttTS 
f53"t*$£i:CJ:9 [1- 13 C]N- 7 S □ M -> 
>(6a)££|£-!ra. C© {1- 13 C]N-7$a 
>T i/>(6a)tt. 7 2/l/-f ^K/>'J?A(4) 
t n- 13 C]y □ tftTKx^;K3a)t©SP5<c <t ? 

nrc [i- 13 cjn-7^ □ -r A/^u ^Xfiaj^fflft-^ 

*OT, C <D [1- 13 C]7 2 $ K7*7-/U? 

□ 7^K(7a)£5?^aa*$0£try^>©ig& 
igK^T'2,2-> ! ^ *A/-4.S-S?** V - I.3-3?* 
> (^K7AK, 10) tfcJSSt*. £&X$ y 



?Sn,1¥2-111747 (3) 

tt(10)<* ©Affile J; 9 • »K-/hyO/»(2) 
/»» 5 7 a t ft ffi (13)* II 6 £ & g ffi (C J: 0 £ 

HT-|ffl*#l!fr*5CfclC«fc?K Bft© [4- 13 C]A 

L A (id)tf i35n§. 

filUlCC % [S- 13 CJA L A (lc)fc [2- 13 C]7?/U 

[3- 13 Cl A L A (K) t> [2- T3 C}fit fK 7" MJ O A 
(2b)* 5 [2- 13 Cjr at »K(13a) £8T£#3 
ns [2- 13 C]X/l,K7Z*ffi(10a) £8eLi**£i& 

JXJb, tifl* 1 0©&&tf 13 CT-£3S* nit 
ALAfl)Sa»tt*lftl!flUfctf» 20U±©fcfc 

^ 13 ct-<saEantALAt±Etisi*$^/;ffiT- 

W&?£C t/rT-S5)o «atf, [1.2- 13 C]AL 
AdMtt [1.2- 13 C]tr»* h y OM2c)A»S 
[t,Z J3 Cl7nf 6HBX*/L/<3c)£gTfc£% 



*fc* [4.5- 13 C]A L A (10)tt±E M.2- 13 C] 
BtKt h y '>A(2c)^6 [l,2- n C]7Dt»m 
*-M3c)«<&^e [t.2- ,3 C]^y 5/>(9c)££& 

t3.4,5- 13 C]A L A(.th)tt, ±E [1, 
2- 13 C]7* A/-T^ K7fe>JU*D7-f K(7) t 

{2- 13 C]> Affi(IOa) ^eit^«3(t1)Sa 

(12)*8l&UTartffn$. 

t3 CT^S5an/c A L A<B8&ft4: IT 

xpbg) *9Ha*3iaaia$**fc©T* mi 
@c*?7m?$6nfcio©8$/i 13 CT-Ka 



?ufc 1J C£KPBG©£&fl£ as. 

W*K, m2®lC;rv^<t [5- ,3 C]ALA 
de)*A L AK*«» ( ALA-D XfcPBG synthase) 

/scKm^rsKS© 2 oj* ,3 c?e,B3nfc p 

BG(20c) ^135tl4, 

it/c, M 2BIC^ >3C V IE [5- 13 C]A L 
A(le)C«at [3- 13 C]ALA(lc)$^fflt§t, 

^Tr^^s©2o^ 13 cx-^at?nrcPBG (200 
a 6 n s 0 

BBC <£©fta©£,Titf U CT-&&3nfcA 
LAHaK (1b)X«(1d)*ffiffl?ftCtlcj:D, 

PBGtfUjens, tat, 2-3©K^^ 13 crei 

KStifc A L A^tEm * titf, 40©&5Rtf 13 C 

T-asanjtPBGtfffen, 351c, 3o©k 
?.tf 13 crsa?nr;ALA$fffBtnfcr, 60 

©&fctf 13 Cr&K6n/cPBG/M!?6n6. 
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1.2-5?Xt**5/l*>7ii«*K:i?-A/7*fl/-f 
^ K7tz h 7tf - h (11)8 4 7 . 7*?(3.31ra 
ool)£i5fiSb, C<OigH&£1.2-v;>< h * fx $ > 
7n2£7KSHt*MJ9A (/\*77 v >tf 6 0%) 
15 4. 0^(3.85 in Qwl)©&8ig#lCi£/jt]U, 

7A/ ^vi?ifliai"FicsiaT- 1 oseaiflff-ufc. *© 

C08iSiK*IC£«1 1 2-5?* h*S>r* >5 
««*fc [i- 13 C]7 , ci*»ni*M3a)64 7^(3 

.85 n ffl0l)£ i3l£bTtS6nf;:i§&£ftn;l, £E 
g£UTM&&ttt£'£<7) [1-. 13 C]l*/l>-3-I h 

*f/j/u*-/i/-5-7$/i/-<^KU'7';*-Mi 



y >K'W Ka^a^-r K(1a)1 . 25? 
CGfcOOttlS* j H-NMR, 13 C-NMR 

1 II-HHR( 0 2 0) : 2. 71 % 2. 90, 4.13 ppo 
13 C-HHR( 0 2 0) : 1 77. 4 < 1- 13 C) ppo 
IR(KBr) :3430c«" 1 

U- 13 C]y g ~>>{9a)(99X aton 13 C) 1.0? 
(13.1 o nol)fc&rt7 1 . 9 5 9 (13.1 n 

n o I ) 0) U £ lb £ * n ft 6? U * O T, M Cf G9 fc t £ 

*Ti5o^i70tjn oflia/n&b. rasn 

(O [1- 13 C]7 5i/l/-<^KftflS(6a)2. 64 3 ( ifi 
J?*97.5X)£t3fc 0 

'H-NMR, 13 C-NMR, 
I RRtfMS£afl£bfcl5&£ UTCSf . 
: 191-194 



tffifl¥2-111747(4) 

2a) 1 . 2 5 9 <«sfi8 9..7 96 ) *fcfc. 

C<Bt>©©ai5, 1 H - N M R , 13 C-NMR, 

fit* : 71-74-C 
1 H-NHR(C0CI 3 ) : 1. 25 & 1.33 , 2.95, 4.18 & 4 
.29 , 4.19, 4.83, 7.83 ppo 
13 C-HHR(C0Cf 3 ) : 1 70. 6( 1 - 13 C) ppo 
iR(KBr):1723 OT * 1 
HS(n/z): 362(H f ) 

C0>£3(CUT85nft:5?x>lTA/(12a) 
«r*IBK-SfiK(1:D £ 1 5 (C iSft? U , 

*K?8fffU, 7 * A/K£Hi£* a/ctttcirifcx^ 
A/ 1 5 O ««T 3 El a » U fc . ' C © J: 5 C U T S 6 

iSKT-wesu, nsgtttt^ao n- 13 c]5-7^ 



1 H-HHR(7 b >-d 6 ):4.40, 7.82 ppm 
13 C-NHR(7 H b >-d 6 ):168.93 ( 1- 13 C) ppm 
IR(K8r) . 1720, 1775a" 1 
H5(n/Z): 20S(H* ) 

CflJ^COT&Snfc [1- 13 C]7* A/-f ^ K 
tt,flfi(6a)2 . 6 4 9 (12.8 to 00 1 )S: fi it f- * - fl< ■ 
1 2rt(61.8 ■ 00l)ct3(CSF^b, 6 O T~ 4 0$ R3 

A/*S£CBSO, K^&fSa© [1- 13 C]7*/l/ 
-T^h'7tf A/^Q7-f K(7a)2. 913 (R* 
D9.2X)*»fc. *H - N M R (COCIj ) 
&4.80, 7. 78 ppnT&ofc. 

jfclC, 5t>i rftt:';i?>2irf©® 

AB«-4"C>^K7^iB(20)1 . 9 5 9(13.5 0 
nol)£8«U, C©?SiS4'»C0T)T-7/l/=r>1?QB 
STC1. 5«BaA»WT±ffi [1- 13 C]7* /U-f ^ 
K7t'7 r -A/^Q7-r K(7a)2 . 919(13.0 n no 
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ffTCSBTI. 5«raSJ6a€fc. EJBttTK, 

90* £&8It-$£8u, f8j»*B£Ufc. wen 
fctttt*-< A/*rJK*i* y - /n 0 0mfi*T-3lft 
R3iSi£U, ?4)$afJQX5iy-A/$8£Oft:. 

»S8«£B*u % insnfcfiSfctoe x* y-/u 

T-f5£&U, *g£tR&A0> [3- 13 C]x^/l/7 $ 
/U-T ^ K7t? h 7tf - h (11b) 2. 339 ( «2 

Cl<0t><D<0gfc£, 'h-nmr, 13 C-NMR, 

Sfc£ : 109-111 "C 
1 II-NHR(CDCI 3 ):1.29, 3.50, 4.22, 4.62, 7.77 
,ppa 

13 C-NHR(C0Ci 3 >: 194. 79 (3- 13 C) PPB 
lR(KBr):1722, 1745a" 1 
HS(D/Z): 276(H + J 



1*nfl¥2«111747(5) 

* ^ K 7 fe h 7 tf - M11t>) 2. 33»(8 
.43 in nol)£ 1.2-5?* h* * ^X $ > 2 0 *2^<: tS 

v>rfi60%} 4 20. 0^(10.5 ill Dol )<7) 1. 2- 
?X 5i ^SatfSSBig^CiaffTOTJTa- 

JDQU, * ©«7JU:f >#QBaTK:ggr 1 B5I3B1 
ffbfc. ?6C> iSSnfcCO&iSffSrptcra^ 
fiT(SSx^;i/(3) 1. 7 6 9 (10.5 n 801)0)1.2-3? 
X h*^X$>5rii£?££gynb, SSTRMf-T 
IC 2 0E8EI5*ttfc„ WSnfcKK 
tgS*fcj£ 1N-fiKT-*«)b, X-xA/T-fi&aib, 

£8»]I-QS8UT?3BS£8£- U, mZfttoO) [4- 
13 C]Xf/l/-3-I b*^/) A>tf-A/-5-7 ? /U-f 

* K L/7U h (12d) £U?fc 0 COffi^liitt (1 
2d) 'tt'tSWt 6C tft <f©H £&<7> &P$tC£ ffl 

J:See3;*tt(12d) £*grte-S5JS&(1:1) iS 



^sfg20o2ft»»cff?e?u, 7n/=r >sinim^ 1 2 
flj*wfS«S€@*u % ^enfc^feoj$m^^5 

X^;H 5 0a£T-3ISIft9Ufc. C 0) <fc 3 «C U T 
l95nfc*B*ffittU. HSSttfc-r 

riBS!u. v .atttt«u; *6(cx$/-/i//x- 

r;Ui*gS«T'PjeSU, ft3&ftM*f£fi4> |4- 13 C]5- 
7^/U7'J>KA-f KQf K(1d)3 9 1 . 

0*9 (lR*27.5X)€19fc 0 
C©t>0«)»iSu 1 H - N M R * 13 C-NMR 

&;s : 146-149 *C 

1 »-NHR( 0 2 0);2.71 , 2.90. 4.13 DDE 
13 C-NHR( 0 2 0):206.3 < 1- 13 C) ppo 
lR(KBr):3430oa~ 1 

[2- 13 C)7a *ftiB(2b)1 . 4 7 3 9 (10.6 Q 
nol)0*ffi»n. S^KKR^Mj^AO. 58 
9 (5.4 n oo I) £&Q;tfc&, 5/7>ft*MJ9/» 



0. 6 0 9 (12.3 a no!)0)4cjSSe 1 . 5/B$£*ift 
TtC^TU, &®*T40fcna£&5£t£fco * 0 

5 9 a , »!B*x- 2 BSiaftnjssofc . e e cc, 

C SS 8S C tg <t A/ ? A 0 . 8 9 <& * iS iS £ /]Q 
JWA, 3SC12N-ttH1 . 0 ttl 51 fc II . X- 

T/ndiaj£ ufco 13 5nfcx-r;na^^«ai$, 

ffllt^^W [2- 13 Clvci>KO. 
4 4 4 9 (iR$40.3X)£ig/c o 
ftK, 122 (2- 13 C]7P>&£&7fcjrtE0. 5 

£T(CM*7fc h>0. 4 stffciBTU. SfflT 1 

9JL. 86nfcfflte&£ 0.5M-KK2aeT*ift^U, 

SSWTHISfflU, M&Slttti&G) (2- ,3 C]>;uK 
7Affi(10a) 0. 3 119 (lR¥50.6X>*&fco 
cOt)<?)<f)Gfi!5, 1 hi - N M R * 13 C-NMR 
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Jffc& : 92-95*0 
1 H-NHR(CDCI 3 ):3.62, 1.79 ppm 
U C-NHR(CDCI 3 ): 36. 15 ( 2- l3 C) ppm 
IR : 1790, 1750CAI* 1 

±fi I2- 13 C]^^K^AK(10a) 
b, ±ffi [1- 13 CJA L A • HCJI (laJtlPietCL 
T f3- 13 C]ALA • HCH ^&^cbfc 0 

*HS«ft&Cf [3- 13 C]ALA • HC* (COO* 
Tfifijg. 'H-NMR. 13 C-NMR, IRRU 

[2- 13 C]X^;i/7* ^K7tzh7*r- 
h (11a) 

*H-NHR(CDC 1 3 ) : 1 . 31 . 3.58, 4.24, 4.76, 7.88 
S 7. 75 ppo 
U C-NHR(CDCI 3 ): 46.90 (2- 13 C) ppo 

|3- n C]l b *->/JA/tf- A/ - 5 - 

7 * ^ k ur y h (120 

, ll-NHR{CDCI 3 );1.26, 1. 35 , 2.94, 3.02, 4.15, 
4.16, 4.28, 4.73, 4.94, 7.88 



*fr&1¥2-111747(6) 
fi 7. 74 ppm 
13 C-NHR(C0CI 3 ): 52.05 (3- ,3 C) ppn 

I3- 13 C) A L A • HC* (1c) (lRffll.285 

it£«5(10a) fr$<0\R&ll.2X) 
: 147 *C 

'il-NHRf D 2 0):2.70 , 2.89, 2.89, 4.12 ppo 
13 C-NHR( 0 2 0): 36.8 <3- 13 C> pdd 
IR(KBr) :3430cm" 1 

P^iC U X [5- 13 CjA L A • HCJ £1$fc a C <Z) 
t)COCD ,3 C-NMR(02 0)W4 7. 0 ppra T 55 ? 

[2- 13 C]7Q Aff&x^;u(3b)£ fcft u 
fctt*tt£flSW1 fclolttJCUT [2- 13 C)ALA- 
HCJJ (1b)£8fc„ CO-'bOOil.'gtt 1 4 8 *C , 
13 C - NMR (D 2 0)tt3 1 . 6 ppou I R (KBr) 
« 3 4 3 Ocfl _1 T-^ o Tz a 

: [2- 13 C]7a AftKx^M3b)4)£ 

m 



3tlg77^3«CSSiK1. 1 9(9.0 naol} 
£ [2- 13 cmK:T h y ?A(2b)8 2 O*?(10 o mo 
l)££tt&#, 5 6ICfMb^ >y-f/U7 . 5«2(6 
4 a ool)£floa, 1 2 OTJT- 5 II? IB ftD K T (C K IS 

0L, COSMIC- 7 8-CT-5 #-SIKJ§affi2 . 
6*2(50 d BonsiBXl/fc. C<0&3R8AS*7(!K 

SSSUfc. E(5Ed»*£g*rftfllUfcK, a 

7 1 0#B3/M:JT£$X$/-A/2. 

4m2(40 D nol)«tt%, 285B3iai*TC 

BU, x-rA/3 0««T3iattttSO, »SUfci 
-rA/(B (90*2) * 1 0*e<B*T- 2@ifcftO, £ 

tt<B [2- 13 C]7D A»Kx*A/(3b)9 9 1 19 < IR 

£0)*><r)<D 1 H — N M R , ,3 C-NMRftCf I 



v II-MHR(C0CI 3 ):1.35, 3.15, 4.20 ppn 
13 C-NHR(C0CI 3 ):25.9 ( 2- 13 C) ppo 
!R(KBr):1735cn" 1 
#^M2: [1 J3 C]7 □ AgtKx?-A,(3a)4)£ 

file 

I1- T3 CJ»K* M/?A(Za)*ffiffl O, ±ge# 
^fW1 tl9tt(CUtlB"BOfc.' »6-tifc [1- 13 CI 
7o A»KX^;i/(3a)(D 1 H - N M R * 13 C-N 
MR&lMR*ilB£Ufc. tt»*ttTlCSy. 

^-NHRfCDCIj ):1.35, 3.77, 4.20 PP9 
13 C-NMR(C0CI 3 ): 167.2 ( 1- 13 C) ppo 
IR : 1735cm" 1 

: t2- 13 ClX*/U7* A/-f *K7tzr 
- M5b)©£« 
H*A/A7^ K 7 . 60S*? [2- 13 C]7 
a ASTIfix^A/(3b)9 3 9<3(5.59 a aol)£7* 
A/-f * K>jy}A(4) 1. 1 5 9 (6.22 n nol)t 
*3ffiliaS85TtCfiC5$1t , 85nfc5f5Ea& 
€r15n2^^aa/r,/UAT40toajU, ? Q a * 
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A/AS (60/aM £ o. n-fcmiti- r* y ^AfSJg 1 

x-ft&u, * is 35 o x & 5 nrc « £#&£x 
^ y -A/THteBb, jftftiitttssw [2- 13 c]x 

f/l/7^;H^K7tf - M5b)9 7 5 «? (iRsp 
75. OX) £ 15 /Co flStlfc t2- 13 C]I-^;i/7 5iA/-< 
^ K7 tr- b (5b)fl) 1 H-NMR, 13 C-NM 

1 H-NHR(CDCI 3 ):1.25, 3.72, 4.29, 7.78 ppta 
13 C-NHR(CDCI 3 ): 38.98 (2- 13 C) ppa 
IR(KBr):1776. 1732, 1720m" 1 
HS(B/2): 234 (H* ) 

: (2- 13 C]^»; 5/>(9b)©£fS 

±ae#?iW3T-»5nfc (2- 13 c]x^/i,7*/l/ 

-f ^ K7 t* t - r* (5b) 2 5 0*3(1.07 o mol)£ 
6N-ISE6. 2 5fl£* tCfSfftb, 5 R3 3§ 85 T IC 

0«rt<DltffiX^/UX-3@ft$b, *i^(S^UT 
»SnfcBffito***>a»«l)B-CiS81U, fife 
«»;fclrt<a [2- 13 C]^>; 5/>(9b) 1 0 8*3 (IR$90 



»B1¥2-111747(7) 

.o%)£&fco went [2- ,3 ci-^y ^X9b)A!) 

'H-NMR, 13 C-NMR, I R&tFMS«ffl 

' H-KHR [ 0 2 0) ; 3. 70 ppta 
U C-NHR( D 2 0) : 49.93 ( s. 13 C) ppa 
IR(KBr):3100, 1600cai 
HS(l»/z) :76(H* ) 
*ffllW5 

*tf>£2fc*Sg**K 13 C&SSALA£?SS? 
Lfci§£0. 1 fl*£<±&#, C<D 13 C&S8EA L A 
8itS*(C 0.5M-«B»^ hy9A«ffiifiO. Obid 
tlHffl©liSKffiia(lBH)-5?^* h U-f h — ib (100 
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